Abstract -In this paper a novel technique for reducing the peak to average power ratio (PAPR) 
I. INTRODUCTION
As the bandwidth demand in communication systems is increased, the new transmission formats like orthogonal frequency division multiplexing (OFDM) is applied in modern communication systems like worldwide interoperability for microwave access (WiMAX). Despite the advantages of OFDM signals like high spectral efficiency and robustness against ISI, the OFDM signals suffer from disadvantages in which the main one is high PAPR [1] , [2] . The reason for high PAPR is that in time domain the OFDM signal is actually sum of many narrowband signals. At some time instances, the sum of these narrowband signals may the system and reduction in efficiency. To overcome this impact, several techniques for reducing the PAPR have been proposed. Some examples are selected mapping (SLM) [4] and DSI [5] which are in frequency domain and clipping and filtering, and companding techniques [6] , [7] , [8] and PTS [3] which are in time domain. Here the technique called DSI-PTS that is the combination of DSI and PTS is proposed. The technique is named based on the order it appears in implementing in the system. PTS technique use iterative routine similar to the trial-and-error method for finding the optimum phase factors that leads to lower PAPR. It is distortionless but is time-consuming, and needs large number of computations [9] , [10] , [11] , [12] . In DSI the main issue is the transmission efficiency which reduces when the number of dummy signal increases and the processing time is high. Authors in [14] show the combination of PTS and clipping. The main drawbacks with their proposed technique are the distortion caused by clipping method and spectrum broadening.
In this paper by applying the DSI-PTS technique we show that, not only the PAPR be reduced but also the complexity and processing time is decreased. In simulations the fixed WiMAX signal based on IEEE 802. standard is applied for demonstrating the effectiveness of the proposed technique. Although the DSI-PTS method is examined for WiMAX systems, this method is valid for other OFDM systems. This paper is organized as follows. In Section II, we present briefly the OFDM signals generation and PAPR formulation. Section III presents the proposed DSI-PTS technique for the PAPR reduction in OFDM systems and some discussion about the complexity of the proposed technique and system performance and the required side information. Section IV and V discuss the simulation results and conclusions respectively.
be large and at other time may be small, which means that the peak of the signal can be much larger than the average value. This high PAPR signal when transmitted through a nonlinear power amplifier generates out-of-band distortions (spectral regrowth) and also in-band distortions (constellation tilting and scattering) and also an increase in the dynamic range of the digital to analog converter (DAC). The result will be an increase in the cost of PAPR Definition
In OFDM systems, a fixed number of successive input data samples are modulated first (e.g. PSK or QAM), and then jointly correlated together using IFFT at the transmitter side. IFFT is used to produce orthogonal data subcarriers. Mathematically, IFFT combines all the input signals (superposition process) to produce each element (signal) of the output OFDM symbol Where n s is the n-th signal component in OFDM output symbol, k S is the k-th data modulated symbol in OFDM frequency domain, and N is the number of subcarriers. However, OFDM output symbols typically have large dynamic envelope range due to the superposition process performed at the IFFT stage in the transmitter. PAPR is widely used to evaluate this variation of the output envelope. PAPR is an important factor in the design of both high power amplifier (PA) and DAC and for generating error-free (or with minimum errors) transmitted OFDM symbols and also preventing the PA to work in nonlinearity region. The PAPR (in dB) of the transmitted OFDM signal can be defined as [5] : 10 
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Where peak P and avg P are the peak and average power of OFDM output symbols, respectively, and they are computed as:
II. PROPOSED DSI-PTS TECHNIQUE

A. DSI-PTS Technique
The block diagram of this technique is shown in Fig. 1 . From this figure, the complex valued dummy signals are first generated and then added to the vector of data subcarriers. The new vector in the frequency domain is then constructed from Kdata and L-dummy subcarriers, respectively. L can be any number less than K. The new vector S is given by: After generation of the optimum OFDM signal then the PAPR is checked with the acceptable threshold that is pre-defined before. If the PAPR value is less than the threshold then the OFDM signal will be transmitted otherwise the dummy sequence is generated again as it is shown with the feedback in Fig. 1 . This process is one iteration. The number of iterations can be increased to achieve the desired PAPR ( th PAPR ) reduction but the processing time will also increase and cause the system performance to drop.
Fig. 1. Block diagram of DSI-PTS technique
For explaining the DSI-PTS method, consider L as the dummy sequence length which later will be shown to be 55 L and N is the IFFT length which is 256 in the case of fixed WiMAX that includes 192 data carriers, 8 pilots and 55 zero padding and 1 dc subcarrier. Here complementary sequence is applied for the DSI [5] . From the block diagram in Fig. 1 , X is the input signal with length N. After that dummy sequence is added. The dummy sequence can be replaced with zeros in data sample [15] . This makes the IFFT length without change and decoding of the samples in receiver simpler. The objective is to find the optimum signal ( ) s b with the lowest PAPR. We should noticed that here N K L which means that there is no change in the length of the input signal after the addition of dummy sequence. The subblock partition type that is applied here is based on interleaved which is the best choice for PTS OFDM in terms of computational complexity reduction as compare to adjacent and Pseudo-random, however it has less PAPR reduction among them [16] . Then, the process is performed by choosing the optimization parameter b with the following condition:
After finding the optimum b then the optimum signal ( ) s b is transmitted to the next block. Now the PAPR of ( ) s b is checked whether it is in the range of the threshold PAPR ( th PAPR ). After this additional task, the signal is transmitted otherwise it is returned to the DSI block to generate the dummy sequence again. This process will continue until the PAPR is less than the complexity of DSI-PTS can be reduced in terms of the number of subblock partition because only half IFFT operations are required and this is due to the addition of dummy sequence to the OFDM symbols. The PAPR reduction is also as good as when conventional PTS is used. In WiMAX, there are 55 zeros, so it is possible to save some of these zeros for dummy sequence insertion without changing the length of IFFT operation. It should be noticed that the actual length of the fixed WiMAX sample is 320 because of the addition of cyclic prefix (CP) to the samples, but the CP does not have any impact in the PAPR and therefore is not considered here. The computational complexity reduction ratio (CCRR) of DSI-PTS technique over the conventional PTS is defined as:
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C. System Performance
In conventional PTS, OFDM signal does not experience distortion however the signal after power amplifier could exhibit distortion if PAPR is higher than the expected value. In this case the power amplifier should back off and this will cause the efficiency of the system to decrease. In DSI-PTS the addition of DSI cause the transmission efficiency to change as follows:
Where K is the number of subcarriers and L is the number of dummy sequences. In this paper however it is assumed that the DSI is replaced with zeros of OFDM signal for which the length of OFDM signal will not change. Hence TE will remain as before, 100%. In actual application where the cost of the system is the main issue, the other block also has to be considered, the digital predistortion (DPD) [13] . By applying DPD technique, it is possible to increase the linearity of the power amplifier and as a result, higher peak signals can be transmitted to the power amplifier and the performance of the PAPR can be improved. This also increases the efficiency of the power amplifiers and decreases the cost of the system.
D. Side Information
The other important factor in studying the PAPR method is the side information which has to be transmitted to the receiver to recover the original data block. One way to do this is to transmit the side information bits with a separate channel rather than the data channel. However in DSI-PTS method the side information can be placed in the zeros of 256 subcarriers. Some of the 55 zeros are allocated to the dummy sequence and the rest for side information. However this results in data rate loss. The number of required side information bits in conventional PTS is , then the number of side information is 6 bits, but in the case of DSI-PTS, the number of side information is 2 bits which is according to 2 M and 4 W values.
III. RESULTS AND DISCUSSIONS
To evaluate and compare the performance of the DSI-PTS with the conventional PTS and DSI, Matlab simulation was performed based on WiMAX OFDM IEEE 802. standard. We employed QPSK modulation with oversampling factor 4 D , Also assumed that the number of allowed phase factor ( 4 W ) with 1, b j . To obtain the CCDF, 4 10 random OFDM symbols are generated. The complementary sequence is used for dummy sequence insertion in DSI-PTS [5] . Fig. 2 shows the CCDF curves of conventional PTS and DSI-PTS techniques. We assume here that the number of dummy sequence insertion ( NDSI ) is 55 which has no significant effect on the transmission efficiency ( TE = 100% ). The result of this figure is found in implementation of 10 iterations. It can be observed that the PAPR reduction for our proposed PTS scheme outperforms the conventional PTS scheme with an improvement of 2 and 1 dB at CCDF = 0.01% , when 2, 4 M respectively. The PAPR reduction is achieved while the complexity according to Table  I is Fig . 3 shows the result for different number of dummy sequence. As discussed earlier the maximum number of dummy sequence that can be applied is 55 and this figure shows that with this number of dummy sequence the reduction is slightly better than when the dummy sequence is 30. It is observed that the reductions of PAPR at CCDF = 0.01% are 1 dB, 1.5 dB and 2 dB for dummy length of 5, 30 and 55 respectively. Fig. 4 shows the effect of different iteration number on the PAPR performance. From this figure the maximum PAPR reduction is achieved which is 7 dB at CCDF = 0.01% when 100 iteration is applied with NDSI = 55 and 4 M , But increasing the number of iterations will decrease the processing time. There is about 0.5 dB improvement when the number of iteration is 100 compared to 10 iteration for both cases of 2, 4 M as it is shown in this figure. Fig. 5 illustrates comparison in PAPR reduction capacity between the DSI and DSI-PTS techniques. It should be also mentioned the advantages of DSI-PTS over DSI. As shown in this figure, the DSI-PTS technique offers about 1.5 dB further reduction in PAPR compared to DSI technique when the number of dummy sequence NDSI = 55 and 2 M . The other values of PAPR reduction are 1.5 dB and 3 dB for dummy length of 30 and 5 respectively. Fig. 6 shows a comparison of Bit Error Rate (BER) performance of the conventional PTS and the proposed DSI-PTS method in Additive White Gaussian Noise (AWGN) channels. The number of dummy sequence and iterations are 30 and 10 respectively. From this figure, we can see that the BER is slightly increased when DSI-PTS method is applied as compared to conventional PTS, but PAPR is much improved according to the result of Fig. 2 . The performance of system shows improvement at the cost of BER.
V. CONCLUSION
A new group of distortionless PAPR reduction method based on a combination of DSI and PTS has been proposed in this paper. In this approach the dummy sequences are added to the OFDM signal and after that, the PTS will be performed. By applying this technique the number of division and hence the number of IFFT will be reduced which results in less complexity compared to conventional PTS while better PAPR reduction is achieved. The application of the proposed method will be useful in WiMAX applications.
